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RESUMO

As celulas a combustive que utilizarn eletrolito
polimerico solido (SPE) e eletrodos contendo 4 mg/cm2 de
platina tern-sedestacado dentre as demais tecnologias, pois
forn~cem um elevado nivel de densidade de potencia,
funcionam em temperatures relativamente baixas (80”C) e nao
requerem sistemas perifericos de controle muito
complicados , No presente trabalho sao resumidas as etapas
principals de desenvolvimento das celulas SPE que utilizam
eletrodos contendu apenas urndecimo da quhntidade de
platina do sistema convencionril (0.4 rng/cm2), mas que

apresentam o rnesmo nivel de alta performance. 0s aspectos
considcrados sao: (i) otimizacao da concentracao de
polimero impregnado no eletrodo; (ii) otimizacao da etapa
de prensagem-a-quente dos eletrodos na membrana; (iii)
humidificacao dos gases reagentes; (iv) operacao em
tmpcraturas e pressoes elevadas; e (v) localizac.ao da
platina perto da frol]teina eletrodo/membrana.



-d volume of fuel cell power plants. High power densities should be achieved

without sacrifice of 10SS of efficiencies. Thus, if the efficiency of the

electrochemical cell stbck istObegreater than 4-, the cell potential under

rated load should be greater than 0.6 V. In addition. high power densities

are necessary for several applications; one good example is the transportation

application where a high power density is necessary during cxuising of the

vehicle and two to three times the rated poweriSrequired for start-up and

acceleration. A performance goal which appears

the transportation application is a rated power

cu[srent density of 1 A/ccr2at 0.7 V. Space and

particularly attractive for

density cor~esponding ko

military applications also

demand high power densities.

The “state-of-the-art” SPE fuel cell technology utilizes electrodes

containing unsupported platinum black and hence, the noble metal loading is

high (4 urg/cm2 on cathode and 2 mg/cm2 on anode) compared to that in the

phosphoric acid fuel cell system containing electrodes made with supported

Platinum electrocatalysts (Pt loading 0.25 and 0.5 mg/cm2 for the hydrogen

anodes and oxygen cathodes, respectively). Even thoug-h current densities of

500 mA/cm2 at 0,7 V (with H2/air as reactants, temperature of 80”c and a
2

pressure of s atm) have beetl reported, the platinum requirements for such a

SPE fuel cell system is about 16 g per kilowatt, In recent communications

from our Laboratory,
3,4

it was demonstrated that by the use of porous gas

diffusion electrodes containing supported electrocatalysts (0.4 mg Pt/cm2)

in SPE fuel cells, it is pussible to achieve nearly the same level of

performance as in fuel cells containing iO times the platinum loading. This

was done by impregnation of a proton conductor (Naf~,on) into th? electrode

structure to extend the three-dimensional eaction zone. Thus, the

interracial reaction zone is similar to that of a porous gas diffusion

electrode/liquid electrolyte interfac~,

Durirtg the last 18 months, sev~ral methods have bocn developed at Los

Alamos National Laboratory (LANL) to usrI low p]stinurr!loadir,g e.lectrodeg in

in



50 wt% each of high surface area carbon (Vulcan XC-72) and Teflon particles,

and an electrocatalyst layer 100 ~m thick and consisting of 40% PTFE and 60%

catalyzed carbon (10 wt% Pt/Vulcan XC-72).

In order to increase the platinum concentration near the front surface of

the electrode, two methods were used. In the first, a thin film of platinum

was sputter-deposited on the cataly~t layer of the stnndard Prototech

electrodes. In the second, electrodes with thinner electrocatalyst layers (50

and 25 W) were custom-made by Prototech, using 20 and 40 wt% Pt/C instead

of the standard 10 wt% Pt/C, but maintaining the same platinum loading (0.4 mg

Pt/cm2).

Also, low catalyst loading gas diffusion electrodes were prepared by the

filtration method. First, a mixture of 50 wt% carbon powder (Vulcan, XC-)2)

and flocculated PTFE dispersion (Dupont, T-30,) were filtered through a carbon

cloth (Stackpole, PWB-3) to form the diffusion layer on the electrode.

Subsequently, platinum supported on high surface area carbon (Vulcan XC-72)

was mixed with the flocculated PTFE dispersion and deposited by filtration on

the opposite side of the carbon cloth, thus foming the catalyst layer.

Finally, the electrode was placedinanovenat330-C for 15 minutes, in a low

oxygen enviro~ent for sintering of the Teflon and bonding of the electrode.

The experiments were carried out ii)single cells made with carbon (Union

Carbide nuc]car grade graphite) end plates, The cell was equipped with a

reversible hydrogen reference electrode. The graphite end plates contain gas

feed inlets and outlets, ribbed channels for gas flow behind the porous gas

diffusion electrodes, and holes for a cartridge heater and for a

thermocouple , After positioning the membrane and electrode assembly (see

See+.ion 3.2 for its preparation by hot pressing) between two gaskets and t},e

Lraphit$, end plates, th~ lattc!rwere clamped between stainless ste~l plates

that were ingulated from the cell body witt] PTFE sheets. Th{’ active clectror!c
2

area (geometric) in this cell is 5 Cnl .

CC-Iiipotentjal/currer~t density mesisurements were made galvanost.atically

with a programmable power supply (HP-6033A), a microcomp!lter (IBtl-PC), nrrda

data acquisition unit (HP-3471A) that were interfaced with the electrochemical

tell.

111. RESULTS AND DISCUSSION

1_QL&IW!l of c~n~~ntr~th~~oton Cond~L~r—ImreKnated Int&.

tho Electrode, The proton conductor (Nafion) impregnated into the electrode--—____



forms a film in the pores of the catalyst layer of the porous gas diffusion

electrode. Varying quantities of IJafion solution (5% in lower alcohols) were

impregnated into the low electrocatalyst loading electrodes (0.4 mg Pt/cmz)

by a brushing or spraying procedure to determine the optimum amount of Nafion

necessary to maximize the cell performance. The solvent was allowed to

evaporate first under ambient conditions .MId then in a vacuum oven at 70°C for

one hour.

Figure 1 shows the effect of the Mafion loadilig on cell performance. Too

thin a film causes increases in activation and otiic overpotentials. On the

other hand, a thick film introduces mass transport limitations in the high

current density region. The optimum quantity of Uafion was detemiined to be

3.3 wt% of the weight of the electrode.

2. Optimization of Hot-PressinK Conditions of Electrodes to ?lembrane.

To minimize the contact resistance between the Nafion membrane and Nafion

impregnated electrodes, optimization of the hot pressing conditions is

essential. The membrane was treated in a 5% H202 solution heated to the

boiling point to oxidize organic impurities, secondly rinsed in deionized

water, thirdly immersed in hot diluted sulfuric acid to get rid of metallic

impurities and finally treated several t:.nes in boiling deionized water to

remove traces of this acid. The ideal proced’Are for hot-pressing was found to

be: two Nafion-impregnated electrode~ were placed on both sides of the Naiion

rnembran~,, Tl)$:assembly was then insert,ed within the two platens of the

hot-press set at a temperature of 100”C, The temperatur~’ of the hot-press was

raised to ]30*c (the glass transition temperature of Nafion) and a pressure of

50 atm was applied for f10seconds in order to (Ibtain a good contact Letween

the electrodes and the membrane.

3. The Vital Role of Water tlana~pment-In The Cell..— ——.—

3,1 Humidification of Reactant cases..—... One of the most crucial

factors in the operation of a solid polymer electrolyte fuel cell is water

management (mairllaining tileSPE wet and removal of product water) . Th’

reactant gast~s cnr~bc humidified externally by passing these througl water

contained in stainless steel bottles maintained at the desired tenrperaturc~or

internally by pressing the gases through humidification chambers built adjacent

tc the electroc})umicul cell, To obtain stable lone-term performance, it was

found to be dvsirable to humidify hydrogen at 1O-15*C and air at 5*C above the

cell temperature.

3.2 Optimir.ution of Teflon Content in Elect.rode’ The F’TF’Econtent—. —. —— ~

in tile electrodv structure may play an important role in the water management



in SPE fuel cells. Electrodes were fabricated in house with varying PTFE

content in the catalyst layer and their performance evaluated as cathodes in

single cell experiments. Figuce 2 shows these results, The optimum PTFE

content seems to be close to 40 wt% in the catalyst layer of electrodes for

obtaining the best cell potential-current density characteristic,, For the

hydrogen electrode a higher Teflon content (60%) in the catalyst layer gave

the best performance.

4 . Advantages of Operation at Eleveted Temperatures and Pressures.

operation at elevated terrrperaturecand pressures is necessary to attain high

power densities for at least three reasons: (1) better electrode kinetics of

fuel cell reactions; (2) better mass transport and lower ohmic resistances;

(3) less water loss from the membrane (because lower flow rates of reactant

gases are sufficient for higher-pressure operation).

The effects of temperature and pressure on the cell operation are

illustrated in Figure 3 for H2/Air fuel cells &t SO-C at 1/1 and 3/5 atm and

at 80”c at 315 atm. The combined effects of ohmic and mass transport control

are evident at SO”C. These effects are considerably diminished at the higher

temperature ~nd pressure (80”C, 3/5 atm). In this case mass transport

limitations are visible only at 800 mA/cm2. At lA/cr12mass transport

overpotential diminishes the cell potential by about O.1OOV. Even if this is

taken into consideration, the cell potential is only about 0.300 V at

lA/cn12. To obtain a cell potential of 0,6 V at this current density, it.is

necessary to further reduce the differential resistance (mainly ohmic) in the

cell,

5. Localization of Platinum Near the Front Surface of Electror!?s, At

high current densities (> 0,5 A/cm2), most of the current tends to be

generated near the front surface of thf,electrode because of the predominance

of ohmic and mats transport ove~~ot~~ntials. Thus , USQ of c.lecb.rodeswith thin

gctiv~ layel~ and a h~wr platinum, concentration ne_~r~tH:_~ront surface will——.-—

bc’most beneficial.

Results in Figuies 4-6 show that locall: ation of platinum near front

Surface is very effectiv[’ in the attainment of high power densities, use of

the sputl.ering tec}lnique for th{,standard electrode t-evealenharrcemchntin
.

power densitiec by 100-150% at lA/cmz (Figure 4), There was a significant

improvement irlperformance of the cells in which el(.((rodes with 20 and 40 wt%

rathitr than when 10 wt% Pt/C were used (Figure 5), The Gputtering of Pt on

the 20 wt% Pt/C gave rise to th~ highest power density in thr fuel cell, Thct

improvement in performance by using ttlinner electrolytic luyvrs and hy



sputtering a thin film of plat~num near the front surface correlates well with

the increase in the electrochemically active surface area, as ascertained by

the charge necessary for hydrogen adsorption or resorption on Pt, using the

cyclic volt~etric technique.

IV. CONCLUSIONS

With the above methods used to advance solid polymer electrolyte fuel

cell technology, we are close to obtaining the goal of lA/cm2 at 0.7 (see

Figure 6). Higher power densities have been reported (2A/cm2 at 0.5 V) but

only with high catalyst loading electrodes (2 UIg/Cm2 and 4 mR/cm2 at anode

and cathode, respectively) and using a Dow membrane with a better conductivity

and water retention characteristics. Work is in progress in our laboratories

to ascertain performances of cells with Dow membrane impregnate~ electrodes

and DOW membrane electrolytes.
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FIGURE CAPTIONS

Fig. 1. Effects of Narion content of electrodes on cell potential vs current

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

density plots, H2/Air 3/5 atm, So”c, 0.4 mg Pt/cn12: (o) 5%; (o)

4%; (8) 3.3% and (0) 2wt% blafion.

Effect of PTFE content in the catalyst layer of electrodes

(cathodes, 0.4 mg Pt/cm2) on the fuel cell performance, H2/~ir
3/5 atm, 80”c.

Effects of pressure and temperature on cell potential vs current
density plots for 4% Nafion-impregnated electrodes
(C.4 mg Pt/cm2): (a) Hz/Air 1/1 atm, SO-C; (b) H2/Air 3/5 atm,
SO*C; and (c) K2/Air 3/5 atm, 80”C.

Effect of increasing platinum loading near front surface of electrodes
by sputtering Pt on standard electrodes, on H2/Air 3/5 atm, 80*c
single cell performance.

Effect of increase Pt/C wt ratio in electrodes on H2/Air 3/5 atm,
80”C single cell performance, (A) 16 wt% Pt/C; (B) 20 wt% Pt/C; and
(c) 40 Wt% Pt/c, All electrodes with 0.4 mg Pt/cm2. Thickness of
catalyst layers in electrodes are approximately 100 Mm in cell A,
50 WI in cell B, and 25 pm in cell c’.

Effect of increasing platinum loading near fr?nt surface of electrode
by sputtering Pt on electrode w~i.h 20% Pt/C, on H2/Air 3/5 aLrn8
80”C single cell performance.
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H*/AIR – 3/5 atm; 80°C

A: 10% Pt/C – 0.35 mg Pt/cm

B: 10% Pt/C – 0.35 mg Pt/cm;

+0.06 mg Pt/cm
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